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Tab!* 1-Rntee of Entry of Drugs In CSF and the Degrees of Ionization ol Drug* at pH W 



pruo/eftomlcal 



% booing 
\q plasma 
protein 



pK." 



% unionized 
WpH7^ 



6-SulfosaUeylleocld 
/AMotyyl nicotinamide 
6-tfltroaolteylle arid 
Salicylic pelf) 
Mccnmytftmlne 
Quinine 

Barbital 

Thiopental 

Pentobarbital 

Aniline. 

Sulfegipnldipt 
AnElpyi littf 



t>ruos matply umized oi pff 7.4 

22 Cairtng) 0 

<i0 (strong) 0 

42 3.3 0,001 

46 30 0004 

20 ".2 0-010 

76 e\4 0.09 

<2 7.6 W.7 

76 7.6 6U 

40 B.1 

20 S.0 

IB 4.5 99.8 

6 >10.0* >99.8 

a M >&M 

<3 0.6 >fl*» 



< 0,0001 
0.PQ05 * 0,00000 
0,001 ± 0,0001 
0,0Q6*O.O004 
0.081 * 0.0016 

. 0.078 * 0.0061 

0,026 ± 0.0029 
0,50* O.061 
047*0.014 
025 * 0Q2O 
0.40 * 0.042 

0,003 ± Q.0002 
0,12 * <M>13 

0.012 * 0.0010 



almost completely undeleted at pB 7.4. 



for all practical purposed, only the un-lontad form id said to 
paafi through the membrane, This has become known as the 
principle Qfwwiwte dffltotfon- 

This principle 1? the reason that only the concentrations of 
the un-ionlzed form of the barbiturates are plotted in F£ 9. 

For the purpose of further Utastrattng the principle, Table 1 
Is provided. 7 fa the table, the permeability constants for 
penetration Into the cerebral spinal fluid of rots are higher for 
un-ionized drugs than for ionised ones. The apparent excep- 
Uons-^bl^sulfaguanidlne and aceiylaminoantipynne-- 



may be explained by the polarjxy of the un-loni*ed molecules. 
With barbital, the two lipophilic ethyl groups are too small tp 
compensate for the considerable dlpolarfty of the urworuzed 
barbituric acid ring; also it may be that barbital is appre- 
ciably ionized, which contributed to the relatively small perme- 
ability constant SuJfa#iaipdine and acetylarrunoantlpyrtoe 
are both very polar molecules. Mecamylamlne a* 30 might be 
considered an exception, since it show a modest permeabil- 
ity even though strongly ionised; there Is no dipolartty In 
mecamylamlne except in the amino group. 



Absorption of Drugs 



Absorption Is the process of movement of a drug from the 
site of application tnto the extracellular compartment of the 
body. Inasmuch as there is a great similarity among the 
various membranes that a drug may pass through in order to 
gain access to the extracellular fluid, it might be expected that 
the particular site of application (or rmUe) would make Uttte 
difference to the successful absorption of the drug. In actual 
fact, it makes a great deal of difference; many factors, other 
than the structure and composition of the membrane, ^deter- 
mine the ease with which a drug Is absorbed. These factors 
are discussed In the following sections, along with an account 
Af thA nnva *w drtid formulations may he manipulated to 



Routes of Administration 

Drugs may be administered by many different routes. The 
various routes include oral, rectal, sublingual or buccal, paren- 
teral, Inhalation and topical The choice of a route depends 
upon both convenience and necessity. 

Oral Route — This Is obviously the most convenient route 
for access to the systemic circulation, providing that various 
factors do not militate against this route. Oral aAnuustra- 
hon does not always give rise to sufficiently high plasma 
concentrations to be effective; some drugs are absorbed unpre- 
dictably or erratically; patients occasionally have an absorp- 
tion malfunction. Drugs may not be given by mouth to pa- 
tients with gastrointestinal intolerance, or who are in 
preparation for anesthesia or who have had gastrointestinal 
surgery. Oral administration also is precluded In coma. 

Rectal Route— Drugs that Ordinarily are administered by 



into the rectum or lower intestine. With regard to the latter, 
recUdwpp&dlvrite fprmerlywere used 

quite frequently, but their popularity has abated somewhat, 
owing to Improvement^ in parenteral preparations. 
Nevertheless, they continue to be valid and, sometimes, very 
important ways of adnmustering a drug; especially In pediafr 
rtcs and geriatrics. In Fig W the availability Pf a drug by 
retention enema may be compared with that by the Intrave- 
nous and oral route and rectal suppository odrru^istration. It 
Is apparent that the retention enema may be a very satisfac- 
tory means of adrninlstration but that rectal suppositories may 
be inadequate where rapid absorption and high plasma levels 
are required, Hie Illustration ia not intended to lead the 
reader to the conclusion that a retention enema always will 
give more prompt and higher blood levels than the oral route, 
tor converse findings for the same drug have been reported, 11 
but, rather, to show that the retention enema rnay offer a 
useful substitute for the oral route. 

Sublingual or Buccal ^toutcr-Even though an adequate 
plasma concentration eventually may.be achievable by the 
oral route, It may rise much too slowly for use In some situa- 
tions where a rapid response Is desired. In such situations 
parenteral therapy usually is indicated. However, the pa- 
tients with angina, pectoris rnay get quite prompt relief from an 
acute attack by the sublingual or buccal administration or 
nitroglycerin, so that parenteral administration may be 
avoided. When only small amounts of drugs are required to 
gain access to the blood, the buccal route may be very satisfac- 
tory, providing the phystcochemlcal prerequisitee for absorp- 
tion by this route are present in the drug and dosage form. 
Only a few drugs may be given successfully by this route. 
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e evidence is eonfl*ting. CM* 
icnted a, decrease in leraMy 
n the rar, Gwy (1977) found, «t 
ty with age in the dog vtik 
78) found no change wfch *ic b 
tbeae studies involved imrnitu^ . 
i a$ opposed to a cornpnrtwn', 
1 senescent. T7\e present wlj , 
I cWcrly subjects. TnerewMpp ; 
i the semltWiity of banian anarW 
afine. This is fowl when (lie 
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BIO/VV AJLABILITY OF SUBLINGUAL ERGOTAMINE 



Siblinuual ergoumine ha» been used for ycanjnthe 
* raiment of mfcr™^ 
cffcctivcn«$. In a doublc-bHnd dmiaal w»al no 
difference in r*Uef wm found Utween jubbngjaJ 
OTJtamine and placebo (Cro^ a wj. 
aHoe. This is foMnd wjien m r %nilarly, a study on the >^ fl ^^™^^ 
^ toconsjdered alone or when^ ;» ^laeMcatcdthRtiri5.mllkely^^ 
noiH« ptor mediated contra* \ nieful amount? of drug to be abw>^ »cto« the 



fid tor tftese experiment b^l 
eels with an unitol^tiB disease* 
'to iurgefy» reeeivn^ (UfidMcn 
adrenergic nervous UfiW nor 
undertyiitB arterial dbea*. ; 
td by reee nt itudlefl (m w w? wp ; 
ecn (Elliot rt IWl) wdyh 
In young end Old aubjecn , 

an find no CVtdeOOfi in vtpv ti*} 
vaicolar cx^adrenoceptor sen?' 
reashvjegc, Furthef studies W 
ermine whether changes to r 
1 subtypes of <iNadreiK«ep»^ , 
ardtovascu tar system . 



bwcnl membrane (Sumertand era/.. W«. 

lacootras^ Yflnior (1981) In a ngnblmd crOWjOVcr 
smdy with fingcr-pfeOiyimoCTapby found tnat tne 
(tn-pbenrt vasoponstrifitory effect of erjoumtne was 
eqwK efter 0.25 mg tatremaseularly or 2 jublirt* 
iwlly. and deuMcwdy different trom sublingual 
jfecefao . The two terms at those dosea should Ndws be 
equally effective in migraine, with a high per- 
formance liquid chromatographic (h-P-l* J ^™ 
ereotamtne, With a detection le^l of 0.1 ng/rnl in 
plasma (Cdlund, 1981), we have invesntated several 
*^intttratkm fonns of the drug. The results ret sub- 
hM ergoUmin* are reported W they cast saiow 
cnuht on Che equipotency of *ublmgmd and fntni- 
fliuscular foiw of er«otamliK. 
Four volunteen (medical personnel, non- 



migraineun) kept a sublingual tablet of 2 mg erp- 
tamine tarxnwe (Ungraine* , Winchrop) under the 
tongue until delved. Blood w* drawn after 5, 10, 
20, So, 60. 90 and m mln. The samples were Imme- 
dfatety oentrifuged and kept deep fwien undl 
analysed by the h-P<U method, firrotaminn above 
rhe detection level ww nm found In any « the 
samples, Then the procedure was repeated In the 
same volunteers wjth _T 
Mngraine® , Again nfl er^otaiplne cou W be ^tectwL 
The.fnanuraaurar tafonijed us that boa batches or 
Unwrine* were more than 2 years Wore their 
expRy date- For cmpparteoil ve selected 
parents, who during the aame period had tiwtr 
plasma levels of ergotamine determined wjth h.p.u. 
after 0-3 mg ergotemine tartrate/70 kg body wqaw 
intnunwacularty. The mean and range ofergwnurtc 
levels in nK/ml plaitna were after 30i rwn; w,vo 
(0-4O-I-4U, after 60 min: 0.BD (OJ7-K07) and after 
120 mm:g,57 (0^3-0,7)), Even coneetedwadwof V 
0.25 mg the plaima levels of ergotatnlne ace cfeany 
above the detection level of 0. 1 ng/ml. 

These results were not obtained In a regular cross- 
over $tudy» However, the discrepancy m pl«ma 
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lone is low (Marshall ft i\L 1987: Hand and Lands. 1982). 
V unher, acetaminophen docs not inhibit neutrophil activation as 
do other NSAfPs (Ahramson and Weissmann. 1989). 

Single or repeated therapeutic doses of acetaminophen have 
no effect on the cardiovascular and respiratory systems. Acid- 
base changes do not occur, nor docs the drug produce the gastric 
irritation, erosion, or bleeding thai may occur after administra- 
tion of -salicylates. Acetaminophen has no effects on platelets* 
bleeding lime, or ihe excretion of uric acid. 

Pharmacokinetics and Metabolism. Acetaminophen is rapidly 
and Almost completely absorbed from the gastrointestinal tract. 
The concentration in plasma reaches a pea|c in 30 to 60 min- 
utes, and the half-life in plasma is about 2 hours after thera- 
peutic doses. Acetaminophen is relatively uniformly distributed 
throughout most body fluids. Binding of the drug to plasma pro- 
teins is variable; only 209b to 50% may be bound at the concen- 
trations encountered during acute intoxication. After therapeutic 
doses. 90% to 100% of the drug may be recovered in the urine 
within the first day. primarily after hepatic conjugation with glu- 
curonic acid (about 60%), sulfuric acid (about 35%), or cysteine 
(about 3%); small amounts of hydroxylated and deacetylated 
metabolites also have been detected. Children have less capacity 
far glucuronidqtion of the drug than do adults, A small propor- 
tion of acetaminophen undergoes cytochrome P450-mediated 
AMiydroxylation to form tf-acetyl-benzc*|uinonciminc, a highly 
reactive intermediate. This metabolite normally reacts with 
SMlfhydryl groups in glutathione. However, after ingestion of 
large doses, of acetaminophen » the metabolite is formed in amounts 
sufficient to deplete hepatic glutathione {see below). 

Therapeutic Uses. Acetaminophen is a suitable substitute for 
aspirin for analgesic or antipyretic uses; it is particularly valu- 
able for patients in whom aspirin is comraindicated (e.g., those 
with peptic ulcer) or when the prolongation of bleeding time 
caused by aspirin would bo a disadvantage. The conventional 
oral dose of acetaminophen is 325 to 1000 mg (650 mg rec- 
tally); the total daily dose should not exceed 4000 mg. For 
children, the single dose is 40 to 480 mg, depending upon age 
and weight; no more than five doses should be administered in 
24 hours. A dose of 10 mg/kg also may be used. 

Toxic Effects. In recommended therapeutic dosage, acetamin- 
ophen usually is well tolerated. Skin rash and other allergic re* 
actions occur occasionally. The rash is usually erythematous or 
urticarial, but sometimes it is more serious and may be accom- 
panied by drug fever and mucosal lesions. Patients who show 
hypersensitivity reactions to the salicylates only rarely exhibit 
sensitivity to acetaminophen. In a few isolated cases, the use of 
acetaminophen has been associated with neutropenia, thrombo- 
cytqpenia, and pancytopenia. 

The most serious adverse effect of acute overdosage of 
acetaminophen is a dose-dependent, potentially fatal hepatic 
necrosis (see Thomas, 1993). Renal tubular necrosis and hypo- 
glycemic coma also may occur. The mechanism by which over- 
dosage with acetaminophen leads to hepatocellular injury and 
death involves its conversion to a toxic reactive metabolite (see 
also Chapter 4). Minor pathways of acetaminophen elimination 
are via conjugation with glucuronide and sulfate. The major 
pathway of metabolism is via cytochrome P450s to the inter- 
mediate, ^-acctyl-prt«?-ben2oquinonjmino, which is very efec- 



trophilie. Under normal circumstances, this inteq 

inated by conjugation with glutathione (CSH) andl 
metabolized to a mercapluric acid and excreted intoi 
However, in the setting of ucotaminophen overdo** j 
lular levels of GSH become depleted. Two conscqu 
as result of depletion of CSH. Since GSH is an \ m n 
in antioxidant defense, hcpiuccytes are rendered hlgW! 
bfc to oxidant injury. Depletion of GSH also allows the] 
intermediate to bind covpjcmly to cell macromolccuk 
to dysfunction of enzymatic systems. 

Hepatotoxicity* In adult*, hepatotoxicity may occur 
gestion of a single close pf 10 to 15 g (150 to 250 
acetaminophen; doses of 20 to 25 g or more arc 
tal. Alcoholics, can have hepatotoxicity with much ]i 
even with doses in the therapeutic range. The mi 
this effect is discussed above (see also Chapter 4). , 
that occur during the first 2 days of acute poisoning' 
amjnophen may not reflect the potential seriousness of 
ication. Nausea, vomiting, anorexia, diaphoresis, and 
pain occur during the initial 24 hours and may . 
week or more. Clinical indications of hepatic dama^ 
manifest within 2 to 4 days or ingestion of toxic doses; 
aminotransferases are elevated (sometimes markedly j 
the concentration of bilirubin in plasma may be men} 
addition, the prothrombin time is prolonged. Perhaps 
poisoned! patients who do not receive specific treatment 
severe liver damage; of these, 10% to 20% eventually] 
hepatic failure. Acute renal failure also occurs in some] 
Biopsy of the liver reveals centrilobulqr necrosis with 
of the periportal area. In nonfatal cases, the hepatic tail 
reversible over a period of weeks or months. 4 
Severe liver damage (with levels of aspartate amin 
fera.se activity in excess of 1 000 IU per liter of plasma) 00 
90% of patients with plasma concentrations of acetaraii 
greater than 300 tfg/mj at 4 hours or 45 #g/ml at 15 
after the ingestion of the drug. Minimal hepatic damage } 
anticipated when the drug concentration is less than 120 
at 4 hours or 30 Atgftnl at 12 hours after ingestion. T 
tential severity of hepatic necrosis also can be predicts 
the half-life of acetaminophen observed in the patient;! 
greater than 4 hours imply tfiat necrosis will occur, while 
greater than 12 hours suggest that hepatic coma is libel; 
nomogram provided in Figure 27-2 relates the plasma ley 
acetaminophen and time after ingestion to the predicted st 
of liver injury (w Rumack et aL 1981). 

Early diagnosis is vita) in the treatment of ovcrdosag 
acetaminophen, and methods are available for the rapid de 
nation of concentrations pf the drug in plasma. However, tt 
should not be delayed while awaiting laboratory results 
history suggests a significant overdosage. Vigorous supp 
therapy is essential when intoxication is severe. Gastric li 
should be performed in all cases, preferably within 4 hou 
the ingestion. 

The principal antidotal treatment is the administrai 
sutfhydryl compounds, which probably act, in pan, by repl 
ing hepatic stores of glutathione. N-aceiylcystetoe 
mucosil) is effective when given orally or intravenous^ 
intravenous form is available in Europe, where it is oonsK 
the treatment of choice. When given orally, the V-acetylcys, 
solution (which has a foul smell and taste) is diluted with j 
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' u. ^ is Rreaier. It is available for sale with- 
I* * lB ™M tadtt United States. Naproxen has a 
* ' SK Sst oHhe other structurally and 

ski £SS£ ~? -ter - 

B£ of *« *»* ^ shown ,n Figure 27-3. 



Husldsson. in Symposium. 1983a; Hart 
198?. With regard to Side effects, 
S followed by ibuprofen and fenoprofen. There 
2^A^iWrtS« variation in the prefer** 
to sE dmg and also between me designates o 
Z JeTiS rTworst *» Unfertunauly, it .. £U* 
UmM» to predict a priori which drug will be mos 
353* »y given individual. N^^^^ 
50% of patients with rheumatoid arthnos probably _ wi 
achieve Adequate symptomatic relief from 
« another of the propionic acid derivatives, and many chr 
ZSX**** instead of aspirin in such pauents. 



KSdv All are effective cyclooxygenase rohtbitors. 

JEShftU is considerable variation .in £jW InteraCtlonj , The potential adverse drug in^ 

IS simple, naproxen is approximately particular concern with prcpion.c ac.d derivattv, 

E£U aspirin, while ^^^^ 515ft* W degree f »**»^ 9 

te»JS^ At.nctionandmaycauseg.—.lesion 

& on leuKocyte function; naproxen a gk*i* £ 
lenwH. wit * comDOunds do vary in po- 



feffiots on leufcocyte tunciiom - r- - - • 

jSt this regard. While ^^ff^S^Mm 
Itenev this is not of obvious clinical significance, ahv 
fe* an iinflammatory agents in various exp^mejjl 
IB models of inflammation; al have ^ulanhin 

hman clinical studies that p^^J" 



* Pre SCmfl»id arthritis and «~M£ *J*J 
up ,0 3200 mg in ^P^M^ Zy S p^ 
uSual total dosei is '^Vi^ce PwUes. For mild 
w reduce the ffrf ^SXdysmenorrhea, 
moderate paw, J^'J** J 6 h2u« as needed, the « 
usual dosage is 400 mg , ev«y 4£ jr» 

may be ™* ^Sd^wsed in detail by Ka 

PnanuacoWnett* * M-*** ^^Sn 
sorbed after oral administration, and peaK concent 
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